We determined whether rheumatoid factor (RF) and anti-cyclic citrullinated peptide antibody (ACPA) can predict remission or severe disability in rheumatoid arthritis (RA) patients treated with anti-tumor necrosis factor (TNF) alpha drugs.
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease of unknown etiology that is characterized by polyarticular pain and swelling. [1, 2] RA should be diagnosed and treated early in order to limit joint damage, associated complications, and progressive disability. [3] The worldwide prevalence of RA is estimated to be around 1%, with considerable variation depending on the population studied. [4] Data from the province of Ontario in Canada show that the prevalence of RA increased from 0.49% in 1996 to 0.9% in 2010. [5] In Latin America, prevalence has been reported to be 2.8% in Mexico [6] and 0.9% in Colombia, where 267,628 persons were estimated to be diagnosed with RA in 2005. [7] Editor: Fumio Tsuji.
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The authors have no conflicts of interest to disclose. Current treatments for RA include anti-tumor necrosis factor (TNF) alpha drugs, which have proven able to control disease progression and reduce the rate of disability. [8] However, a high percentage of patients do not respond sufficiently well to this type of treatment. [9] Given that therapy is expensive and can cause adverse events, factors that can predict an adequate response to treatment with anti-TNF alpha agents have been investigated. [10, 11] Rheumatoid factor (RF) is an autoantibody that binds to the Fc portion of human IgG. RFs are frequently detected in patients with RA or other autoimmune diseases but are also observed in patients with non-rheumatic conditions and even in healthy subjects. [12] The indisputable role of RF and anti-cyclic citrullinated peptide antibody (ACPA) in the diagnosis of RA [13] has led to studies in various populations aimed at determining the predictive ability of RF and ACPA assays with respect to prognosis. [14, 15] Some authors suggest that positive RF and ACPA titers can predict an inadequate response to therapy with anti-TNF alpha agents, [16] [17] [18] [19] whereas others report inconsistent and contradictory conclusions. [20] [21] [22] Given the magnitude of the problem and the need for real-world evidence that will enable us to investigate this phenomenon in a patient population under standard conditions, the present study aims to establish whether RF or ACPA can predict remission or severe disability in patients with RA receiving treatment with anti-TNF alpha agents.
Methods

Design, population, and sample
An observational cohort study was performed, at a reference center for patients with RA in the city of Bogotá, Colombia, where care follows a treat-to-target strategy. [23, 24] The study center has a registry of all patients attended. Currently the cohort of RA has 3000 patients, and were included all patients aged ≥18 years with a confirmed diagnosis of RA according to the criteria of the American College of Rheumatology/EULAR, [13] with an active disease in spite of had been under treatment with conventional disease-modifying antirheumatic drugs (DMARDs), and for whom a treatment scheme was begun with anti-TNF alpha medication (etanercept, infliximab, adalimumab, or golimumab), with a minimum follow-up time of 12 months. We excluded patients who did not have RF or ACPA at diagnosis. We also excluded patients with a health assessment questionnaire (HAQ) score >2 at admission in order to determine with certainty the incidence of disability at the end of follow-up.
Procedure for linking, follow-up, and data processing
The cohort database was created using the hospital information system based on the selection criteria described above. In order to guarantee data confidentiality, no names or surnames were used when the central database was queried. Each patient was assigned a consecutive identifier by order of inclusion in the working database. Queries made in SQL and data were subsequently imported as a plain text file to Excel. The source database was considered the master database and stored in the server of our institution. A copy of the master database was made for data processing and reclassification of variables of interest. Once the appropriate adjustments were made, the database was exported to Stata 14, which was used for the study analyses.
Variables of interest
The independent variables were RF and ACPA measured on a continuous numerical scale and classified as positive or negative, with cut-offs of ≥15 IU/mL for RF and ≥20 IU/mL for ACPA. When the 2 markers were positive (RF and ACPA), a co-positivity status was defined. The measurable clinical outcomes of interest were the disease activity score (DAS28) and HAQ scores at admission and periodically thereafter based on the criteria of the attending physician. The DAS28 was measured on a continuous scale and classified into subgroups in order to define remission, that is, a score of 2.6 for at least 3 months. The HAQ was analyzed on a continuous scale and classified into subgroups to define severe disability (≥2). The change in DAS28 was calculated as the difference between the baseline value and the value recorded at the last clinical follow-up visit. The same procedure was applied with the baseline and final HAQ data. Time to event was the interval between the admission date and the last effective follow-up visit or the date when the outcomes of interest were recorded (severe disability and remission). The variables age, sex, and treatment were also included in the analysis.
Statistical analysis
Descriptive analyses were made for each of the variables, and the most appropriate summary statistics were used. In the case of categorical variables, the data were summarized using frequency tables with absolute and relative values. In the case of the continuous variables, measures of central tendency and dispersion were used taking into account the distribution of the data.
Three independent variables were assessed. The first was RF, a continuous numerical variable, for which data were summarized using measures of central tendency and dispersion. Taking into account the cut-off point for positivity (≥15 IU/mL), we divided patients into 2 subgroups, namely, RF-positive and RF-negative. Subgroup data were expressed using absolute and relative frequencies.
The second independent variable was ACPA, whose value was reported on a continuous numerical scale and which was used for the descriptive analyses with measures of central tendency and dispersion. Taking into account the cut-off point for positivity (≥20 IU/mL), we divided patients into 2 subgroups, namely, ACPA-positive and ACPA-negative (<20 IU/mL). Subgroups data were expressed using absolute and relative frequencies. In addition, a third independent variable was the status of copositivity, in patients with a positive result in both markers (RF and ACPA). The analysis for this predictor used the same pattern (absolute frequencies and percentages).
In order to evaluate the possible effect of the independent variables, we selected 2 measurable clinical variables for remission or disease activity (DAS28) and the degree of disability caused (HAQ). The result of the DAS28 was registered as a continuous numerical variable whose behavior was summarized using measures of central tendency and dispersion. The same patterns of analysis were applied in the case of the HAQ. Both DAS28 and HAQ were categorized, as described in the section on variables of interest.
Based on the results of the numerical scale, we calculated the differences reached between the baseline and final DAS28 score and thus obtained the change for each patient. We then investigated differences in the distributions of the positive and negative groups, both with RF (dichotomous variable) and ACPA (dichotomous variable). The Wilcoxon test was applied since the data were not normally distributed. The same procedure was used for HAQ.
Given the dynamic cohort design and taking into account the sum of times per person between inclusion in the cohort and outcome, we calculated the incidence rates (IRs) for remission and for severe disability in positive and negative patients. Based on these results, we obtained the incidence rate ratio (IRR), with its respective 95% confidence interval. This estimation was adjusted for possible confounders using the Poisson regression method.
Finally, using the Kaplan-Meier method, we calculated the probability of remission between 2 and 6 years by comparing the curves for RF-positive and RF-negative patients. The statistical comparison was made using the log-rank test. In all cases, the hypothesis was tested with a P value of <.05. Statistical analysis was performed in Stata 15.
Ethics
This study adheres to the principles of the Declaration of Helsinki (2013) and Resolution 8430 of 1993 of the Colombian Health Ministry. The information was guaranteed to be used only for scientific purposes, and the right to privacy was protected by omitting data that could identify the study participants. Given that the study center has an institutional registry for research purposes, the protocol required all patients to previously authorize the use of their clinical data for academic and research purposes by means of a document that is included in the clinical history. The protocol for this study was submitted to and approved by the Independent Ethics Committee of Hospital San José de Bogotá, Bogotá, Colombia.
Results
According to the inclusion criteria, 400 patients were included. The median age was 60 years, and 322 patients were women (80.5%). The median time of disease duration was 7 years. One hundred percent of patients had been treated with conventional DMARDs at usual doses (methotrexate until 20 mg per week, sulphasalazine until 3 g per day, chloroquine 250 mg per day, leflunomide 10 to 20 mg per day, and prednisolone until 7.5 mg per day). RF and ACPA were positive in 357 patients (89%) and 348 patients (87%), respectively. Co-positivity was present in 324 patients (simultaneous positive result-RF and ACPA: 81%). Follow-up ranged from 12 to 79 months, with a median of 41 months. Table 1 shows the baseline characteristics of the cohort, including level of disease activity and disability at admission. The data are shown according to whether patients had positive or negative results, both for RF and ACPA.
Distribution of DAS28 and HAQ by subgroup
The distribution of the baseline DAS28 and baseline HAQ did not differ significantly between RF-positive and RF-negative patients. Similar behavior was observed for ACPA-positive and ACPA-negative cases ( Table 2) .
The median for the final measurement on the DAS28 was 2.5 for the RF-positive group, 1.4 for the RF-negative group. The median difference between the baseline and final DAS28 was 1.26 for RF-positive patients and 2.6 for RF-negative patients. The final measurement in the HAQ was 1.6 for RF-positive patients, compared with 0.4 for RF-negative patients. The change in HAQ was 0.37 in RF-negative patients and À0.12 in RF-positive patients. The results are shown in Table 2 , as is the comparison with ACPA-positive and -negative patients, and the status of copositivity.
Remission: IRs
There were 246 cases of remission during follow-up. A total of 1433 person-years of follow-up were recorded, with a remission rate of 17 cases per 100 person-years (95% CI, [15] [16] [17] [18] [19] Table 3 shows the crude and adjusted IRRs with their respective confidence intervals.
The remission IR in the group of co-positivity was 15.9 cases per 100 person-years (95% CI, 13.8-18.4), and 22 cases per 100 person-years for the group of patients without this condition (95% CI, 17-28).
The Kaplan-Meier curves comparing the function obtained for remission in the RF-positive and RF-negative cohorts revealed statistically significant results (P = .011 [log-rank]). Figure 1 shows the comparison of the function for each group. Table 1 Baseline characteristics of the cohort. Table 3 shows the crude and adjusted IRRs with their respective confidence intervals. ACPA = anticyclic citrullinated peptide antibody, IR = incidence rate, IRR = incidence rate ratio, RF = rheumatoid factor. *
Incidence rate ratio, adjusted estimation in the Poisson regression model.
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The severe disability IR in the group of co-positivity was 9.9 cases per 100 person-years (95% CI, 7.8-12.1), and 1.9 cases per 100 person-years for the group of patients without this condition (95% CI, 1.6-2.2).
The comparison of survival functions (Kaplan-Meier) revealed significant differences for severe disability between the RFpositive and RF-negative cohorts (P = .0017 [log-rank]; Fig. 2 ).
Discussion
Various authors throughout the world have proposed that RF and ACPA are markers of the severity of RA, increased radiographic progression and joint damage. [25] [26] [27] However, in the context of treatment with anti-TNF alpha drugs, it is essential to determine factors that enable us to predict prognosis. The present study was performed in the framework of an integrated care program run according to the premises of treat-to-target and adhering to the recommendations of centers of excellence in the treatment of RA. [24] Data from our cohort (400 Colombian patients diagnosed with RA and receiving treatment with anti-TNF alpha drugs) enabled us to establish that a positive RF titer could predict a lower rate of remission and severe disability. This conclusion is based on a comparison of rates of remission and severe disability in RF-positive and RF-negative patients. Furthermore, despite differences in the distribution of changes in DAS28 between patients with positive and negative ACPA titers, significant differences were not found for rates of remission and severe disability between the 2 groups. Therefore, our results were not conclusive with respect to the predictive ability of ACPA. When analyzing the group of patients with RF and ACPA co-positivity, the results are consistent with the RF behavior analyzed individually. This allows us to infer that the most relevant factor in the co-positivity would be the RF.
Similarly designed studies report results that are consistent with ours. Such is the case of Potter et al, [19] whose multicenter observational study in the United Kingdom reported clinical data for a cohort of 642 patients treated with 1 of 3 anti-TNF alpha drugs (infliximab, 46%; etanercept, 43%; and adalimumab, 11%). Of these patients, 89% and 82% had positive RF and ACPA, respectively. The study structure and methodological design are similar to ours, and the percentages of positivity for RF and ACPA are close to those we report. The authors evaluated the change in DAS28 after 6 months of treatment and found an average decrease of 2.5 points. Results for RF-positive and RFnegative patients were compared using a linear regression model in which the average decrease in DAS28 in the RF-negative group was 0.48 points higher than the average decrease in RF-positive patients. Our findings were similar, although our follow-up time was longer (median 41 months, range 12-79 months) and the decrease in DAS28 was 2.6 in the RF-negative patients and 1.26 in the RF-positive group, ie, a difference of 1.34 points between the groups.
As for the findings reported for ACPA, Potter et al [19] found that the average decrease in DAS28 was 0.39 points greater in the ACPA-negative cohort than in the ACPA-positive cohort. This result is consistent with our finding that the mean decrease in DAS28 was 0.46 points higher in the ACPA-negative cohort.
Another observational study with a similar methodology was performed in Sweden, where a cohort of 689 patients with RA was followed for 5 years and remission (DAS28 <2.6) was assessed. [28] The authors found that the probability of achieving this outcome in RF-positive patients was almost half that of RFnegative patients (OR, 0.55; 95% CI, 0.38-0.85). This result was evaluated for ACPA, and the authors found an association at 18 months of follow-up, although the result was not consistent at 60 months. These findings are very consistent with ours, given that the rate of remission we report for RF-negative patients was 51% higher than that of RF-negative patients (P = .04). The result is comparable with those for ACPA, where remission rates were similar for both ACPA-positive and ACPA-negative patients (IRR, 1.1; 95% CI, 0.76-1.63).
A key area of discussion in the present study is the role of observational studies based on institutional registries in daily clinical practice. The subject has been addressed by other authors, who concluded that so-called real-world studies are essential for determining aspects such as effectiveness and safety of therapeutic alternatives (e.g., anti-TNF alpha agents). [29, 30] Aaltonen et al [29] evaluated the effectiveness of anti-TNF alpha agents under real-world conditions and determined the percentage of patients who were eligible for the clinical trials performed. Based on data from the Finnish national register for biologic treatment in rheumatic diseases, they found that 47% of treated patients achieved remission and that only 7.6% to 44% of registered cases would have been eligible to participate in a clinical trial. The authors concluded that the results obtained in the different clinical trials cannot necessarily be extrapolated to the routine care of patients with RA and proposed the presence of discrepancies between the results of studies that evaluated the efficacy of anti-TNF alpha drugs [31, 32] and those of registry-based real-world studies. [30, 33] The hypothesis underlying these differences would be that clinical trial outcomes are evaluated in highly selected populations, thus leading to an overestimation of the effect and underestimation of possible adverse events. Therefore, clinical research should be complemented with studies that provide real-world evidence, such as ours, where previous findings are confirmed and other results are tested.
Based on these arguments, Mancarella et al [30] performed a multicenter observational study in 14 reference centers for rheumatic diseases in Italy. The population included 1257 patients with active RA treated with anti-TNF alpha agents. After 6 months of follow-up, the authors showed that 24% of patients in the RF-positive group had achieved DAS28 <2.6, whereas in the RF-negative group, this percentage was 36%, that is, a relative risk of 1.5, which is similar to the IRR reported in our study (adjusted IRR, 1.51; 95% CI, 1.05-2.18). As for level of disability, the authors compared percentages for patients who, after 6 months of follow-up, were classified as having low-level disability, and found that the percentage was lower in the RF-positive group than in the RF-negative group (45% vs 58%). Our findings are consistent with these, although it is worth mentioning that the outcome we proposed was the opposite (severe disability) and our follow-up time was longer. Thus, the severe disability rate was almost 5-fold greater in RF-positive patients than in RF-negative patients.
With respect to control of possible confounders, we stress findings such as the rate of remission among men, which, according to our results, was 39% higher than in women (IRR, 1.39; 95% CI, 1.05-1.88), as reported by Forslind et al, [28] who found that after a 2-year follow-up, only 32% of women had achieved remission, compared with 48% of men (P = .001). Therefore, it is important to note that the estimations presented in our study were adjusted for possible confounders such as sex, age, and treatment with biologics.
The prognosis and clinical course of patients with RA have changed thanks to the effectiveness of biologics, including anti-TNF alpha agents. These have played an essential role, given their demonstrated effectiveness profile, within a safety framework outweighed by the expected benefit. [8, 34, 35] This observation is confirmed by our results: the cohort of patients receiving therapy with anti-TNF alpha agents achieved a remission rate of 17 cases per 100 person-years. However, the comparison of remission rates between RF-positive and RF-negative patients, in addition to being statistically significant, is clinically relevant and must play a role in managing the aspirations of the patient and the treating clinicians. It also paves the way for drugs that enable higher remission rates in patients who continue to have positive marker titers.
It is worth highlighting that our results are based on a minimum follow-up of 12 months, although in some patients this reached 6 years. It is also important to highlight that remission was only taken into account when the patient reached DAS28 < 2.6 points and maintained it for the last 3 months of follow-up. Nevertheless, given the importance of the results obtained, we intend to perform a prospective cohort study with a larger study population and longer follow-up so that we can evaluate the consistency of our findings and refine what might be considered potential weaknesses of our study. RF is an example of a preexisting antibody binding the Fc fragment of IgG1 which is the IgG subtype used to engineer the majority of anti-TNF complete monoclonal antibodies. RF is commonly of the IgM class, although IgG and IgA RFs have been described. Since IgM is a pentamer and therefore decavalent, it can bind up to 10 IgG antibodies per molecule of RF, leading to the formation of large immune complexes. [36] Anti-TNF-formed immune complexes can be eliminated by endocytosis, thus reducing their bioavailability and half-life and facilitating complement activation. [37, 38] In summary, the present study enabled us to show that the remission rate for RF-negative patients was higher than that of RF-positive patients. We also showed that the rate of severe disability was higher in RF-positive patients than in RF-negative patients. It is important to continue investigating the role of the level of RF at the beginning of the disease, because the blockade of therapeutic target and control strategies in RA may thus differ in patients in relation with baseline RF titers, and may not solely be based on RF-positivity or negativity state at baseline. Finally, it is worth mentioning that our findings were not conclusive for ACPA.
